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INTRODUCTION 

T h i s  a r t i c l e  d i s c u s s e s  t h e  FP- or LP-ST t e c h n i q u e .  The model ing  
of t h e  o x i d a t i o n  of  H 2  w i l l  be  s p e c i f i c a l l y  f e a t u r e d .  The r e a c t i o n s  
t h a t  p e r t a i n  t o  t h i s  o x i d a t i v e  sys t em and t h a t  have  been  s t u d i e d  by 
e i t h e r  t h e  FP- o r  LP-ST t e c h n i q u e ,  w i l l  b e  r ev iewed .  These i n c l u d e ,  

n i 0 2  = OH i 0, (1) 

0 + H 2  OH + H ,  (2)  

n + n20 = ~2 + on, ( 3 )  

0 + H 2 0  + OH + OH, ( 4 )  

H f 0 2  f M - H 0 2  i M, . ( 5 )  

and  t h e i r  d e u t e r a t e d  m o d i f i c a t i o n s .  Bo th  f o r w a r d  a n d  r e v e r s e  
p r o c e s s e s  w i l l  be i n c l u d e d  i n  t h e  d i s c u s s i o n  s i n c e ,  i n  a l l  c a s e s ,  t h e  
e x i s i n g  d a t a  i n d i c a t e  t h a t  t h e  r e a c t i o n s  a r e  m i c r o s c o p i c a l l y  
r e v e r s i b l e .  Hence, d a t a  e v a l u a t i o n s  c a n  b e  made o v e r  v e r y  l a r g e  
t e m p e r a t u r e  r a n g e s .  

EXPERIMENTAL 

The FP-ST t e c h n i q u e  was f i r s t  s u g g e s t e d  by Burns and  Horn ig l  and w a s  
f o l l o w e d  by some O H - r a d i c a l  r e a c t i o n  s t u d i e s  by  Z e l l n e r  and  
c o w o r k e r s . 2  The t e c h n i q u e  h a s  r e c e n t l y  been  e x t e n d e d  w i t h  t h e  atomic 
re sonance  a b s o r p t i o n  s p e c t r o s c o p i c  (ARAS) method o f  d e t e c t i o n . 3  Th i s  
e x t e n s i o n  n a t u r a l l y  f o l l o w s  f rom t h e  e a r l i e r  w o r k . l r 2  A less  
ambiguous expe r imen t  i s  now p o s s i b l e  s i n c e  s p e c t r o s c o p i c  a b s o r p t i o n  
by a t o m i c  s p e c i e s  i s  s t r o n g e r  t h a n  by d i a t o m i c  o r  p o l y a t o m i c  
r a d i c a l s ,  and t h u s ,  s m a l l e r  c o n c e n t r a t i o n s  can  b e  d e t e c t e d  t h e r e b y  
e l i m i n a t i n g  c o m p l i c a t i o n s  from secondary  r e a c t i o n s .  T h i s  development 
h a s  a l l o w e d  a b s o l u t e  b i m o l e c u l a r  r a t e  c o n s t a n t s  t o  b e  d i r e c t l y  
s t u d i e d  o v e r  a l a r g e  T-range, -650 t o  2500 K .  

The shock  t u b e  methods t h a t  a r e  u s e d  i n  FP- o r  LP-ST s t u d i e s  a r e  
t r a d i t i o n a l .  A s c h e m a t i c  d i a g r a m  o f  a r e c e n t l y  c o n s t r u c t e d  
a p p a r a t u s 5  i s  shown i n  F i g .  1. The t e c h n i q u e  h a s  been  d e s c r i b e d  
p rev ious ly ,5 r6p7  and t h e r e f o r e ,  on ly  a b r i e f  d e s c r i p t i o n  w i l l  be g iven  
h e r e .  The method u t i l i z e s  t h e  d o u b l e  h e a t i n g  e f f e c t  t h a t  c a n  be  
o b t a i n e d  by r e f l e c t e d  shock wave methods .  The n e a r l y  s t a g n a n t  g a s  i n  
t h e  r e f l e c t e d  shock  wave reg ime i s  s u b j e c t e d  t o  e i t h e r  f l a s h  o r  l a s e r  
p h o t o l y i s  t h e r e b y  p roduc ing  a n  a t o m i c  s p e c i e s  i n  t h e  c e n t r a l  h o t  gas  
r e g i o n .  The t i m e  dependence  of  t h e  atomic s p e c i e s  i s  t h e n  r a d i a l l y  
m o n i t o r e d  a s  it r e a c t s  w i t h  a n  added  r e a c t a n t  m o l e c u l e .  I t  i s  

1563 



n e c e s s a r y  t o  h a v e  a s o u r c e  m o l e c u l e  p r e s e n t  which ,  on  p h o t o l y s i s ,  
g i v e s  the  a t o m i c  s p e c i e s  o f  i n t e r e s t .  

I f  t h e  t r a n s m i t t a n c e  f o r  any  a t o m i c  a b s o r p t i o n  exper iment  c a n  b e  h e l d  
above -0 .8 ,  t h e n  B e e r ' s  l a w  w i l l  h o l d  t o  a good a p p r o x i m a t i o n  if t h e  
l i n e  i s  n o t  t o o  h i g h l y  r e v e r s e d .  I n  FP- a n d  LP-ST e x p e r i m e n t s  w i t h  
u n r e v e r s e d  o r  o n l y  p a r t i a l l y  r e v e r s e d  r e s o n a n c e  l a m p s ,  i t  i s  
t h e r e f o r e  o n l y  n e c e s s a r y  t o  m e a s u r e  t h e  t e m p o r a l  b e h a v i o r  of 
a b s o r b a n c e ,  (ABS), where (ABS) a - l n ( I / I o ) .  S i n c e  B e e r ' s  l a w  h o l d s ,  
t h e  atom c o n c e n t r a t i o n ,  [ A I ,  i s  e q u a l  t o  (ABS)/O*l. I n  a l l  c a s e s ,  t h e  
r e a c t a n t  c o n c e n t r a t i o n  i s  v e r y  much l a r g e r  t h a n  t h a t  of t h e  atom, and 
t h e r e f o r e ,  t h e  d e c a y  o f  A w i l l  obey  p s e u d o - f i r s t - o r d e r  k i n e t i c s .  
S i n c e  [ A ]  i s  p r o p o r t i o n a l  t o  (ABS), it is o n l y  n e c e s s a r y  t o  measure 
t h e  t e m p o r a l  b e h a v i o r  of a b s o r b a n c e ,  (ABSl t ,  i n  a k i n e t i c s  
e x p e r i m e n t .  The r a t e  of  d e p l e t i o n  of t h e  a t o m i c  s p e c i e s  i s  t h e  
p r o d u c t  o f  t h e  t h e r m a l  r a t e  c o n s t a n t  t i m e s  t h e  c o n c e n t r a t i o n s  o f  t h e  
r e a c t a n t  and t h e  d e p l e t i n g  a t o m i c  c o n c e n t r a t i o n .  A f t e r  i n t e g r a t i o n ,  
a p l o t  o f  l n ( A B S ) t  a g a i n s t  t i m e  w i l l  y i e l d  a d e c a y  c o n s t a n t  t h a t  i s  
e q u a l  t o  t h e  p r o d u c t  of t h e  t h e r m a l  r a t e  c o n s t a n t  t i m e s  t h e  r e a c t a n t  
c o n c e n t r a t i o n .  F i g .  2 shows a t y p i c a l  p l o t  of a n  e x p e r i m e n t .  The 
t o p  p a n e l  shows a n  a c t u a l  raw d a t a  s i g n a l  a n d  t h e  b o t t o m  p a n e l  shows 
t h e  f i r s t - o r d e r  p lo t  d e r i v e d  from t h e  t o p  p a n e l .  The n e g a t i v e  s l o p e  
o f  t h e  p l o t  g i v e s  t h e  d e c a y  c o n s t a n t  w h i c h ,  on d i v i s i o n  b y  t h e  
r e a c t a n t  c o n c e n t r a t i o n ,  g i v e s  a measurement  o f  t h e  t h e r m a l  r a t e  
c o n s t a n t  a t  t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t  as d e t e r m i n e d  f rom t h e  
i n i t i a l  p r e s s u r e ,  t e m p e r a t u r e ,  and  t h e  shock s t r e n g t h .  

RESULTS 

H + 02 - OH + 0 and D + 0 2  - OD t 0: The f i r s t  p u b l i s h e d  LP-ST 
p a p e r 8  showed t h a t  t h e  p h o t o l y s i s  of H20 a t  193  nm y i e l d s  b o t h  H- 
atoms a n d  O H - r a d i c a l s  a t  h i g h  t e m p e r a t u r e s .  I n  r e c e n t  LP-ST 
e x p e r i m e n t s , g  H 2 0  p h o t o l y t e  was u s e d  a t  TP1085 K .  With t h e  h i g h e r  
f l u e n c e s  f rom e x c i m e r  l a se r  p h o t o l y s i s ,  e x p e r i m e n t s  c o u l d  be 
p e r f o r m e d  w i t h  less H 2 0  b e i n g  p r e s e n t  t h a n  i n  a n  e a r l i e r  FP-ST s t u d y  
t h a t  u s e d  t h e  same t e c h n i q u e  of d e t e c t i o n . 1 °  T h i s  h a s  a l l o w e d  
e x p e r i m e n t s  t o  b e  p e r f o r m e d  a t  s u b s t a n t i a l l y  h i g h e r  T, up t o  2278 K .  
F i g .  2 shows a t y p i c a l  e x p e r i m e n t .  Data  w i t h  b o t h  H20 a n d  NH3 a s  
p h o t o l y t e  m o l e c u l e s  have  y i e l d e d  t h e  A r r h e n i u s  r e s u l t ,  

k l = ( 1 . 1 5  f 0 . 1 6 )  x exp(-6917 f 1 9 3  K / T )  cm3  molecule- l  s-l, ( 6 )  

f o r  11031T52055 K .  S i m i l a r  r e s u l t s  for r e a c t i o n  (1D) w i t h  D 2 0  a s  
p h o t o l y t e  g i v e  t h e  A r r h e n i u s  r e s u l t ,  

k lD=(1.09 f 0 . 2 0 )  x exp(-6937 f 247 K / T )  cm3 molecule-1 s-l, ( 7 )  

f o r  10852TS2278 K .  The r e v e r s e  rate c o n s t a n t s  can  b e  d e t e r m i n e d  from 
JANAF e q u i l i b r i u m  v a l u e s , l l  a n d  r a t e  c o n s t a n t s  f o r  f o r w a r d  and 
r e v e r s e  p r o c e s s e s  a r e  l i s t ed  i n  T a b l e  I .  

0 + H2 - OH + H and 0 t D2 -. OD + E: FP-ST e x p e r i m e n t s  w i t h  NO 
a s  t h e  0-atom s o u r c e  h a v e  b e e n  c a r r i e d  o u t  on b o t h  t h e  H212 and  Dz5 
r e a c t i o n s .  The r e s u l t s  f o r  0 + H2 c a n  b e  d e s c r i b e d  by t h e  A r r h e n i u s  
e q u a  t ion,  

k2=(3 .10  f 0 . 2 0 )  x exp(-6854 f 84 K / T )  c m 3  molecule- I  s- l ,  ( 8 )  
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f o r  8801T22495 K .  0 + D2 can s i m i l a r l y  b e  d e s c r i b e d  by,  

k 2 ~ = ( 3 . 2 2  f 0.25)  x exp(-7293 f 98 K/T)  cm3  mo lecu le - l  s - l ~  (9 )  

f o r  8251TS2487 K .  E a r l i e r  shock  t u b e  d e t e r m i n a t i o n s  are i n  r e a s o n a b l e  
agreement  w i t h  t h e s e  direct r e s u l t s .  The re  a r e  a l s o  a number of lower 
t e m p e r a t u r e  d e t e r m i n a t i o n s  f o r  k212-16 and k 2 ~ .  1 4 - 1 8  The most r e l i a b l e  
low T d a t a  a r e  t h o s e  o f  S u t h e r l a n d  e t  a l . , l 2  W e s t e n b e r g  a n d  , 
d e H a a s , l 3 f l 7  Presser and  Gordon,16 and Zhu e t  a 1 . 1 8  These  d a t a  have  
been combined w i t h  t h e  FP-ST d a t a  t o  g i v e  t h r e e  p a r a m e t e r  e x p r e s s i o n s  
t h a t  can  be u s e d  o v e r  t h e  e n t i r e  e x p e r i m e n t a l  t e m p e r a t u r e  r a n g e .  

k ~ 8 . 4 4  x T 2 . 6 7  exp(-3167 K / T )  c m 3  mo lecu le - l  s-l, (10) 

f o r  2971TS2495 K , 1 2  and ,  

k 2 ~ = 2 . 4 3  x T1.’O exp( -4911  K / T )  c m 3  mo lecu le - l  s-1, (11) 

f o r  343cTS2487 K . 5  E q s .  (10) and  (11) a g r e e  w i t h i n  a few p e r c e n t  
w i t h  a l l  s t u d i e s  e x c e p t  t h a t  o f  M a r s h a l l  a n d  F o n t i j n . 1 5  R a t e  
c o n s t a n t s  for t h e  r e v e r s e  r e a c t i o n s  c a n  b e  c a l c u l a t e d  from JANAF 
e q u i l b r i u m  c o n s t a n t  v a l u e s , l l  and t h e  v a l u e s  for b o t h  f o r w a r d  and  
r e v e r s e  r a t e  c o n s t a n t s  a r e  compiled i n  Tab le  I .  

H + E20 - H2 + OH and D + D20 - 02 t OD: T h e r e  a r e  o n l y  two 
d i r e c t  s t u d i e s  of r e a c t i o n  ( 3 ) ,  one b e i n g  w i t h  t h e  FP-ST19 and  t h e  
o t h e r  b e i n g  w i t h  t h e  LP-ST* t e c h n i q u e s .  The r e s u l t s  from t h e s e  two 
s t u d i e s  a r e  g i v e n  i n  A r r h e n i u s  form a s ,  

k3=(4.5f!  f 0 . 6 1 )  x exp(-11558 f 243 K/T) cm3 molecu le -1  s-l, ( 1 2 )  

f o r  12465TS2297 K ,  and ,  

k3=(3 .99  f 0 . 4 2 )  x exp(-10750 f 500 K/T)  c m 3  mo lecu le - l  s - I , ( 1 3 )  

for 16001TS2500 K,  r e s p e c t i v e l y .  These  t w o  e q u a t i o n s  a g r e e  w i t h i n  
combined e r r o r  l i m i t s  o v e r  t h e  r ange  of T ’ o v e r l a p .  A t  h i g h  T, t h e r e  
i s  o n l y  one  d i r e c t  FP-ST s t u d y z 0  of r e a c t i o n  ( 3 D ) .  These  r e s u l t s  a r e  
d e s c r i b e d  f o r  12851T12261 K by t h e  A r r h e n i u s  e x p r e s s i o n .  

k 3 ~ t 2 . 9 0  f 0 . 7 3 )  x exp(-10815 f 356 K/T) cm3 molecule-1 s - l ( l 4 )  

The re  are numerous e a r l i e r  s t ~ d i e s ~ ~ - ~ ~  of r e a c t i o n  ( -3)  w i t h  f o u r  
b e i n g  p a r t i c u l a r l y  n o t a b l e  .21,23-25 JANAF e q u i l i b r i u m  c o n s t a n t s l l  have 
been  u s e d  t o  t r a n s f o r m  t h e s e  r e v e r s e  r a t e  c o n s t a n t  d a t a z 5  t o  t h o s e  
f o r  t h e  f o r w a r d  p r o c e s s ,  and a n  e v a l u a t i o n  h a s  been c a r r i e d  o u t  for 
250STS2581 K .  A t h r e e  p a r a m e t e r  e x p r e s s i o n  d e s c r i b e s  t h e  r e s u l t s .  c 

k3 = 1 . 5 6  x T1.52 exp(-9249 K / T )  c m 3  mo lecu le - l  s-l .  ( 1 5 )  

S i n c e  t h e  d a t a  a r e  n o t  a s  e x t e n s i v e ,  a n  e x t e n d e d  e x p r e s s i o n  f o r  k 3 ~  
canno t  b e  e v a l u a t e d ;  however,  v a l u e s  for t h e  back r e a c t i o n  (-30) can  
b e  d e r i v e d  f rom JANAF v a l u e s . l l  T h i s  e x p r e s s i o n  and  t h e  o t h e r  
d e r i v e d  e x p r e s s i o n s  a r e  g iven  i n  Tab le  I .  

I 

I 

1 
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0 + H20 - OH + OH and theory for 0 + D20 -. OD + OD: T h e r e  
are t h r e e  d i r e c t  s t u d i e s  o f  r e a c t i o n  ( 4 ) 2 6 - 2 8  f o r  t h e  T-ranges ,  1053- 
2033 K , 2 6  1500-2500 K , 2 7  a n d  753-1045 K , 2 8  r e s p e c t i v e l y .  The FP-ST 
r e s u l t s  f rom S u t h e r l a n d ,  e t  a 1 . z 6  can  be r e p r e s e n t e d  by t h e  A r r h e n i u s  
e q u a t i o n ,  

kq=1.10 x exp(-9929 K / T )  c m 3  molecule- I  s-l, (16) 

for  1288<T<2033 K .  The r e s u l t s  f rom L i f s h i t z  and Michae lz7  a r e ,  

k 4 = ( l . 1 2  * 0 .20)  x exp(-9115 k 304 K/T) c m 3  molecule- l  s-l, (17) 

f o r  1500<T<2500 K .  The a c t i v a t i o n  e n e r g i e s  are d i f f e r e n t  w i t h  t h e  
l a t t e r  b e i n g  l o w e r  t h a n  t h e  f o r m e r  by -10%.  Evenso,  t h e  agreement  
between t h e  two s t u d i e s  i s  good w i t h  e q .  ( 1 6 )  b e i n g  -30-40% lower  
t h a t  t h a t  o f  e q .  ( 1 7 ) .  The s p r e a d  i n  t h e  d a t a  f rom e a c h  s t u d y  i s  
-*15-20%, a n d  t h e  t w o  s e t s  o v e r l a p  over t h e  common T - r a n g e .  
S u t h e r l a n d ,  e t  a 1 . 2 6  have a l s o  c a r r i e d  o u t  F l a s h  Photo lys i s -Resonance  
F l u o r e s c e n c e  (FP-RF) s t u d i e s  a t  l o w e r  T, 1053 t o  1123 K ,  and  t h e s e  
d a t a  a r e  t h e  most a c c u r a t e  t o  d a t e  for r e a c t i o n  ( 4 ) .  T h e r e  a r e  
numerous e x p e r i m e n t a l  s t u d i e s  o f  t h e  back  r e a c t i o n  ( - 4 )  . 2 2 b f 2 9  These 
d a t a  have  been  combined w i t h  t h a t  from t h e  t w o  FP-ST s t u d i e s  t h r o u g h  
t h e  JANAF e q u i l i b r i u m  c o n s t a n t s l l ,  a n d  a c o m p a r i s o n  be tween t h e  
combined  d a t a b a s e  f o r  r e a c t i o n s  ( 4 )  a n d  ( - 4 )  w i t h  t h e o r e t i c a l  
c a l c u l a t i o n s  h a s  b e e n  made.7 The t h e o r e t i c a l  r e s u l t ,  

kqth = 7 . 4 8  x 1 0 - 2 0  T2.70 exp(-7323 K / T )  cm3 m o l e c u l e - l  s-l ,  (18) 

a g r e e s  w i t h  e x p e r i m e n t  w i t h i n  e x p e r i m e n t a l  e r ror  o v e r  t h e  T-range,  
700-2500 K .  T h e r e  a r e  no d a t a  f o r  t h e  0 + D 2 0  r e a c t i o n .  T h e r e f o r e ,  
a t h e o r e t i c a l  e s t i m a t e  t h a t  i s  c o n s i s t e n t  w i t h  t h e  s u c c e s s f u l  
p r o t o n a t e d  c a s e ,  eq .  can  b e  u s e d  as a s t a r t i n g  p o i n t  i n  
e x p e r i m e n t  d e s i g n  a n d / o r  i n  c h e m i c a l  m o d e l i n g  e x p e r i m e n t s  f o r  t h e  
D 2 / 0 2  sys tem.  The c a l c u l a t e d  r e s u l t  f o r  700<T<2500 K i s ,  

k 4 ~ ~ ~  = 2 . 0 5  x T 2 . 5 6  exp(-8286 K/T) c m 3  m o l e c u l e - l  s-l. (19)  

These  e x p r e s s i o n s  a n d  t h e  t r a n s f o r m e d  r e v e r s e  r a t e  c o n s t a n t  v a l u e s  
a r e  l i s t e d  i n  T a b l e  I .  

H + 0 2  + M - HOp + M: FP-ST r e s u l t s  h a v e  b e e n  o b t a i n e d  f o r  t h i s  
r e a c t i o n . l O  The t h i r d - o r d e r  r a t e  c o n s t a n t  h a s  b e e n  d e t e r m i n e d  f o r  
7465T2987 K t o  be  k g = ( 7 . 1  k 1 . 9 )  x 10-33 cm6 molecule-2  s-l w i t h  A r  a s  
t h e  h e a t  b a t h  g a s . 1 °  The Baulch  e t  a l .30  recommendat ion i s ,  

kHtOz+Ar = 4 . 1  x e x p ( + 5 0 0  K/T) cm6 molecule-’ s-1. (20)  

A r e c e n t  f l o w  t u b e  s t u d y 3 l  f o r  2982T5639 K i n  H e  g i v e s ,  

kH+02+He = ( 4 . 0  f 1 . 2 )  x 10-33 exp(+560 K/T) cm6 molecule-2 s - 1 . ( 2 1 )  

S i n c e  H e  and  A r  h a v e  a b o u t  t h e  same e f f e c t i v e  c o l l i s i o n  e f f i c i e n c y ,  
t h e  FP-ST r e s u l t  c a n  b e  compared t o  b o t h  eqs. ( 2 0 )  and ( 2 1 ) .  A t  t h e  
mean t e m p e r a t u r e ,  T = 850 K, e q s .  ( 2 0 )  a n d  ( 2 1 )  g i v e  r e s p e c t i v e  
v a l u e s  of 7 . 4  x 10-33 a n d  7 . 7  x 1 0 - 3 3  t o  b e  compared t o  t h e  FP-ST 
r e s u l t  of 7 . 1  x 10-33 c m 6  molecule-2  s-l. These  r e s u l t s  combine t o  
g i v e  e x c e l l e n t  a g r e e m e n t  f o r  t h e  r e c o m b i n a t i o n  r e a c t i o n  o v e r  t h e  
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t e m p e r a t u r e  r a n g e ,  300 t o  -1000 K .  S i n c e  t h e  Hsu e t  a1.31 r e s u l t  is 
t h e  most direct  t o  d a t e ,  it i s  l i s t ed  i n  T a b l e  I .  S i m i l a r  e x p e r i m e n t s  
f o r  D + 02 + M h a v e  n o t  been  r e p o r t e d ,  b u t  e q .  ( 2 1 )  c a n  b e  used  i n  
D 2 / 0 2  model ing  c a l c u l a t i o n s  a s  a f i r s t  estimate. 

CONCLUSION 

The most i m p o r t a n t  r a t e  c o n s t a n t s  i n  t h e  b r a n c h i n g  c h a i n  o x i d a t i o n s  
o f  H2 a n d  D 2  have  now been measured by t h e  d i r e c t  f l a s h  a n d / o r  l a s e r  
p h o t o l y s i s - s h o c k  (FP- o r  LP-ST) t u b e  t e c h n i q u e .  The o n l y  e x c e p t i o n s  
a r e  t h e  0 + D 2 0  and  D + 02 + M r e a c t i o n s .  There  a r e  of c o u r s e  s e v e r a l  
o t h e r  r e a c t i o n s  o f  s e c o n d a r y  i m p o r t a n c e  t h a t  must  be i n c l u d e d  i n  
comple te  o x i d a t i o n  mechanisms, a n d  these have been  c o n s i d e r e d  i n  most 
e a r l i e r  s t u d i e s .  T h e  i m p o r t a n c e  of t h e s e  r e a c t i o n s  i n c r e a s e s  a s  t h e  
e x t e n t  o f  r e a c t i o n  i n c r e a s e s ,  a n d ,  i n  t h e  l a r g e  c o n v e r s i o n  H 2 / 0 2  
s t u d i e s  where OH-radica ls  a r e  o b s e r v e d  t h r o u g h o u t  t h e  e n t i r e  c o u r s e  
o f  t h e  r e a c t i o n ,  t h e  r e l a t i v e  e f f e c t s  of t h e s e  s e c o n d a r y  r e a c t i o n s  
are g r e a t e r  t h a n  i n  t h e  s m a l l  c o n v e r s i o n  s t u d i e s  where t h e  i n i t i a l  
s t a g e s  o f  t h e  r e a c t i o n  a r e  o n l y  m o n i t o r e d .  However, even  i n  t h e  h i g h  
c o n v e r s i o n  s t u d i e s ,  t h e  f i v e  r e a c t i o n s  c o n s i d e r e d  h e r e  a n d  t h e i r  
r e v e r s e s ,  a lways  e x h i b i t  h i g h e r  s e n s i t i v i t y  t h a n  a l l  o t h e r  r e a c t i o n s  
i n  s e n s i t i v i t y  a n a l y s i s  c a l c u l a t i o n s .  I t  c a n  t h e r e f o r e  b e  c o n c l u d e d  
w i t h  t h e s e  new d i r e c t  FP- and LP-ST d a t a  t h a t  t h e  main  f e a t u r e s  of 
t h e  o x i d a t i o n  mechanisms a r e  now s u b s t a n t i a l l y  s o l v e d .  

The e v a l u a t e d  r a t e  c o n s t a n t s  a r e  g i v e n  i n  T a b l e  I a l o n g  w i t h  comments 
r e g a r d i n g  a c c u r a c y  and  t h e  T-range  of a p p l i c a b i l i t y .  W e  recommend 
t h a t  t h e s e  r a t e  c o n s t a n t s  be  u s e d  a s  i n i t i a l  s t a r t i n g  v a l u e s  i n  
o x i d a t i o n  s t u d i e s .  T o  b e  s u r e ,  t h e  r a t e  c o n s t a n t s  are known o n l y  
w i t h i n  c e r t a i n  e r ro r  l i m i t s ,  a n d  t h e r e f o r e ,  a n y  a d j u s t m e n t s  w i t h i n  
t h e s e  error l i m i t s  a r e  c e r t a i n l y  a l l o w e d .  However, i f  a p a r t i c u l a r  
o b s e r v a t i o n  i m p l i e s  t h e  u s e  of r a t e  c o n s t a n t s  t h a t  a r e  s u b s t a n t i a l l y  
o u t s i d e  t h e  bounds s e t  by t h e s e  d i r e c t  s t u d i e s ,  t h e n  a n  i n c o n s i s t e n c y  
e x i s t s .  I n  t h i s  e v e n t ,  new e x p l a n a t i o n s  must be found,  a n d  t h i s  may 
imply  m o d i f i c a t i o n s  i n  t h e  r e a c t i o n  ra te  c o n s t a n t s  f o r  i n i t i a t i o n  
a n d / o r  p e r h a p s  i n  s e c o n d a r y  chemica l  p r o c e s s e s .  
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Protonated reactions: 

H+Oz 
OH+O 
O + H z  
O H + H  
H + H20 
OH + Hz 
0 + H20 
OH + OH 
H + 0 2 + M  

1. 15(-10)a 
8.75(-12) 
8.44(-20) 
3.78(-20) 
1.56(-15) 
3.56(-16) 
7.48(-20) 

4.0(-33)b 
7.19(-21) 

0 
0 

2.67 
2.67 
1.52 
1.52 
2.70 
2.70 
0 

-6917 
1121 

-3167 
-2226 
-9249 
-7513 
-7323 

1251 
560 

1100 - 2050K. S 7 % 9  
1100 - 2050K. +27%9*" 
297 - 2495K, k30%12 ' 

297 - 2495K, +30%11312 
250 - 2297K, 45%'1 ,25  
250 - 25813, - S 5 % 2 5  

700 - 2500K, 450%. theory7 
700 - 2500K. - S O % ,  theory7 
298 - -1000K. 430%31 

Deuterated reactions: 

D + @  1.09(-10) 0 -6937 10501T$2300K, f27%9 
OD+O 9.73(-12) 0 526 10501T$2300K, +27%9," 
O+Dz 2.43(-16)' 1.70 -491 1 3431TS2487K. f16%5 
OD+D 1.04(-16) 1.70 -3806 343STS24873, +16%5," 
D +Dz0 2.90(-10) 0 -10815 12851T$2261K, f27%20 
OD + Dz 6.56(-11) 0 -3320 12851TS2261K. f27%11,20 
O+@O 2.05(-19) 2.56 -8286 >700 K, theory7 
OD + OD 1.85(-20) 2.56 452 >700 K, theory' 

aparentheses denotes the power of ten; i. e., 1.15 x 10-10. bunits are cm6 molecule-z s-l. 
............................................................................................................ 
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Fig. 1: Schematic diagram of the apparatus. P - rotary pump. D -oil diffusion pump. 
CT - liquid nitrogen baffle. GV -gate valve. G - bourdon gauge. B - brea!er. 
DP - diaphragm. T - pressure m s d u c e n .  M -microwave power supply. 
F - atomic filter. RL - resonance lamp. A -gas  and cryswl window filter. 
PM - photomultiplier. DS -digital oscilloscope. MP - master pulse generator. 
TR - trigger pulse. DF - differentiator. AD - delayed pulse generator. LT - l a m  
mggcr. XL - cxcirncr I~SCT. 
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Fig. 2 Top: PI-atom umsmittmce as a function of time after laser photolysis in the reflected 

shock wave region. Bottom: Fint-order plot of In[ABS], against time that is obtained 
from the top record. 
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